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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a polarization mode 
dispersion distribution measuring method and apparatus which 
achieves measurement and computation of parameter values 
indicating polarization characteristics of a plurality of wavelength 
plates utilizing an optical time domain reflectomer practical used as a 
measuring apparatus of the propagation loss and back scattered 
characteristic distribution of optical fibers by accomplishing a modeling 
of an optical fiber to be measured in a serial connection of the plurality 
of wavelength plates. 

SOLUTION: An optical pulse having a desired angular frequency and 
a pulse width emitted from an optical pulse generator 1 gets the 
polarization thereof with a polarization controller 2 to be incident from 
one end 4a of an optical fiber 4 to be measured through a 
photocoupler 33. Receiving back scattered light from the optical fiber 4 

through the photocoupler 3, a polarization state measuring part 5 outputs a stokes parameter. A Johns set 
computing part 6 inputs the stokes parameter at a desired time interval to be stored as time series data of 
the stokes parameter and the time series of a Johns set is computed for three kinds of polarization states 
from the time series data of the stokes parameter. A polarization mode dispersion distribution computing 
part 7 computes a parameter indicating the polarization characteristic of the optical fiber 4 using the time 
series of the Johns set. Thus, a polarization mode dispersion distribution of the optical fiber 4 is computed 
from the parameter indicating the polarization characteristic for two kinds of desired angular frequencies. 




LEGAL STATUS 

[Date of request for examination] 



<19)B*BMMW (JP) (12) & M ^ It & (A) 



#U§2002-48680 
(P2002 - 48680A) 

(43)&RB ¥/£l4^ 2n 15 3 (2002. 2. 15) 



(51)IntCl. 7 

G0 1M 11/02 

G0 1J 4/04 

GO IN 21/21 



F I 

G0 1M 11/02 

G 0 1 J 4/04 

G 0 1 N 21/21 



7-?>r(##) 
K 2G0 5 9 
A 
Z 



8f 2 OL (£17 JO 





#H2000-233772( P2000-233772) 


(71) MSA 


000000572 










(22) mis B 


¥j£l2*F8fl 1 H (2000. 8.1) 




X&mg&®%ffi 5 T S 10#27^ 






(71) USA 


596043704 








tm a 

PflBftflT 3 - 11 - 17-903 
















«J£»Jl| a*»BT 3-11-17-903 






F^-A(^) 2G059 AA02 BB15 EE05 FF04 GG04 








CG08 GG09 JJ19 JJ20 JJ22 








KK04 UM01 



(54) [56w©=s»] %y7irt<om*:-Y#mifiM&jmzmw 



(57) 

[pie] 3e7T-f wMm-vftrnmsMmim 

ih/vX'XV-lXrtyt-fniifjmT-ftLxm 

tswu 2mmmm<7>nftmkiz^^xcom%. i m 



_Efflfi± 



1 



nn 



* Vk 



I 



8/15/06, EAST Version: 2.1.0.14 



(2) 

1 

m.ttthft>*>i>xZ&« AWU t£A8tagfcl§]-0) 

-?t ltshjiu mm^ixfcm^hTJtimmm^ 

mmmzm^x. mtmm^ty r 4 >wKxm± 
zm^y * - 9 (nmimmcy r 4 x&Rii&m 

fc8W'*-4-*0¥tt& (Stepl, Ste P 2. Ste P 3. St 
ep4) £. infE^)ffl^7r'f^'^AIt^^ J pUr^ 
iJa»»5^tW:* 20<%fc>'NVt-;*$-A8tlTfi : ^ (St 
e P 5, Ste P 6) . £*<7)*+ !J7J5l»Rfcff**A»JK 

tmWLZ- K#**>W!B««IIJ©I£7 r 4 ><fc»->fca 20 
mmfcth (Step 7) Zt*mtt&%yT4'<C0 

/u*&£f§ ( l ) t , 

r . mm i ^w**wtr*<^itemwM»3 

ftfc*2<03frt/k**aj^4*3^WS < 2 ) t , 
tm 2 tfMfr WX £SS 1 cote- h T'gftTm 2 O*- h 
ZmLTtftM%ft7T4'* (4) fc*< title, R» 30 
8»SK7 7 4 A*»6<oa*ttSL3K5&il?IEJB2 tote- hX 
»*TSB3<0tf- h*»feltJJW*3iaS-&» ( 3 ) t . 

iijie»3^- h^^aj»$nfca»»a*«:*t'c, 

SfegSB ( 5 ) t , 

it-t , zmmw-? 1 1 1 1 , me* 2 

£$g-f *> ^' a - ^xfrflwas ( 6 > t , 

%j\\T—?z%vx, mm%%7t4 rtnmm&im. 
w?*-*mm\T-9*m%Lffl&ti> 1 1 1 

(e, «?IEmi ^waost*K!!fr***y7JlifdR 
K-en-mswrs 2«^#riattfcira£**vt?.x- 

m&m$i.z'fToztx\ mmm&t7T4rfizt5v 



^2002-48680 

2 

»« ( 7 ) t «r«;lfcifc7 r -f H#K»* 
C000 1 ] 

3. ) <0»»K*J^T. ilfftttt. «Wcafl|jlK^)±IR 
**ffi^6-aHT**flltt*-H4Mlk (PMD:Po!ariza 
tion Mode Dispersion) CD, 3t7 r-i 'Vzftiotzttltii: 
8B£t 4*7 r -f A-offiS*- h'^ijc^ffiSS^aa^ 

§sgie»t4. 

[0002] 

st t4a«*<^ftnit:ff k ><mmm% 

f^a«aim^fc*&fcj^fc*7r4^ 
LT ajSBifttff d X7t-( ^'(c«J 

^Ttffi^*- vftmmmMmmwmmiix 

(c«k O^t^t^r^^ffl^- K#ft«:<&< 

7 r ^ A'fc $8|-f S Jt7r4 * «rfctft 

^•ri»*&tit!S!tTffi37 hx-i«aafi* { «r#gt 
tphxhh. 

[0003] 5fe7 r -f /<rtT36WH 

j&»OTK*»f 1 , »2{cfeV^T^$^TfoO, 
^3fc7 7>fA'tS!Jgiiri|t^n.T#TV^. it 

fLTV^3t7r^^'{cov^TJi, SB*OK3tSffi*^# 
XT . 3K7 r 4 Afc«Hfc«ttt- K4MBB4^-TI«r 
< */jNO»ffi«rl*oi t *^S*i4 . 
XK1 ISl«SS r ^7 7-f^<75f5lS#ttj0plusE ) 
vol.21, no. 5, pp.570— 576 . 1999 
XiC2 |3]»$ r^7 7 >f AotfgfcofSgBj 0 plus 
E, vol.21, no.6, pp.706-714 . 1999 

[00043 mm- wfmfcmb&ftMiffiiz^ 

-H^fJt(PMD) SI£i£<7)Jt&J . fl»Bafe. 0CS99-42 
, pp.7-12, 1999 

[0005] tifffimmn. mtx^s vivcnm^m. 



8/15/06, EAST Version: 2.1.0.14 



(3) 

3 

ft zmmx-mfet h . 3f £45jkki&£ i t 
2 . mmm^ty r ■< > u o tast s*i 

fc^Kfev^T . Wffiv-f ^;wy >«T»SI«c J: Oft4 10 
[0006] mtx^9 K/Mba f 

Hjaaii. i/Afja±«jiaii«BBi*ft4s*i6t«r 

3BftS*ft tr = o T'ft*ffi£lR 0 fflffl l / f tiiirf 

[0007] Uitfo T . filBv-f rvU y ySWRC 

r P I <1/Af ( I I ummZfkL. I r + rp I 
tt (r + Tp ) <9|g*NI) <3*fra*8tfcS*l**&K|R 

0. rOStffcfcfctT. fltneii^^a^fticigt!)** 

r I #«8^7T>f>^**-H#ft*4;l4. fcl 
±R9i Ltzi. 0 B«a««ffiCi3V^tt«a5e«7 r 30 

[0008] mmmmt. mmwemb mm 

A4<9-ffiiB4a«J:'JAatU KS8l}&te7T4V<4 
SffiftU lg»^3fe7r^^'4^ffi^®4bj: 

[0009] fflttftffitt£(C(2. «#l!Wf<0*ifefc: J: 

Hjgr*?4"ifa. ^7y*i/ia« ^'g-^xfif 

4 *>^> coai^S: ^Tfi[ft m^^ti^ («3£f ) 8 1 *• 
iB§$tf£&03fcS£mijS8 2Ti8£U l&fcftO 

wadsiMtioaitt^-H^tt^jicajts. nit 



^112002-48680 

4 

i mm&m ixMffiTm%&mm?mm 

^i^TOfoSl l £f&#7.^7 
v^SW, 3fcfcitt88 2£tt;^7 YyAT+jimzi 

[ooio] X7>* i^rnm. >j 3 -yx'nmmx'ii. 

-f8 3£iI3§£-tt\ IS7.b-^7.r-f7-<if8 3*^0 
%x.XWg.HixZ.XY—7XJtyX—?m^Xi;B- 

v xftmmu 9 iza ^xn&z m v a - yxmm 

^3fe7 r A4 ^A9t(l!l«ffl4 a t coHtff AZtltcM 
[0011] *WMBOflfiftt- H»lfc»4|iWg&tt^ 

a - yxmmt commm*. wx\ otc ^ a - 

OTOlS^+T1±<7 h^ftSr*^T'*-T. u , v\M 
COj&lZ^Xi>mi)X*tl*'tU$i?tZ. 2fi2fl 

u ffmtmhn v a - vxwtzh i umm 
®&wm±?ztx'ibh. 

[0012] 

[»ii 

v = C/u (1) 
[0013] mm- H^ttoaB3t««T'**3t7 r-f 

[0014] 
l»2] 



8/15/06, EAST Version: 2.1.0.14 



(4) 



2002-48680 



/ u(u) v{w 



M 2 + 




■(::)■ 



(2) 



10 0 15] »S!I^3K7 r 4 >NV>«ft£j&8ttS:S-f V 
z-yXWmi.. ffMIWu (<a) . v (w) 

«(2) iO»5SESft*. L^oT. 3WB^IWr4fll 10 [0016] 
*^*«r&A»3l6*ffl^fe«^oai»fll36tt»** [S3] 

s = {s u s 2 ,s 3 y = (5i/5 0 , 5 2 /5 0 , St/ So? 

[0017] "CimZtlllSMtZ * [ 0 0 1 8 ] 



XJ*7*-?So , Si , S2 . S3 £fflV^T (£±8$ 



V = 



1 + 



exp(i7) 
y/2(l + fli) V S 2 + 



41 )■ 



(3) 



lira r = exp(z7) 

5l — » — 1 



0) 



(4) 



[00 19] fcfcKHfrCIStfJiaifcfcfflJB-*-*. W$ **>flHST**. 
*(4) fi^g-yX^h/k ^?b/Uv = (a, b) [0020] 
1 C<*6*b-?XA-7*-?<7)ftSia:(5) £9 (st [»5] 
+ is3 )/(l + si ) =b/a^i94o;t*>/5>*30 



5 0 = |a| 2 +|6| 2 , 5i = |a| 2 - |6| 2 , 
S 2 = ab* + o*6, 5 3 = %{ab* - a*b) 



(5) 



[002 1]*tt*<2) J:O^H-VXffWU*. I9K ft [0022] 
fifcK^^-^e. 0*ffl^TJSlT^«fc3fe:a [»6J 
^"tS. ft 

/ fi(<j>+ip)\ . ~ f i(<l>-ip) \ \ 

2 



U = 



— sin © exp [ 



sin 0 exp 



cos 6 exp I v - ' J 



P 



. (6) 



[00 2 3] «3B©t7r>f A'/\£7)Alt<im<B5:. ♦[0 024] 
A : B : £ft{|£. C : 45Sl3GHl3fcfc £ [R7 ] 

^ = (l,0) t ,u B = (0 ( l) t ,u c = -^(l,l) t 



(7) 



8/15/06, EAST Version: 2.1.0.14 



(5) 



[00 2 5] *A»fl#tt«tC*fLH8B$ * [002 6] 

tlbxh-fWyX—riz&Kffl&itXY—?^ [ft8] 



#§82002-48680 



8 



*A = {st, 8$,*})', 8 B = (*f ,*?,«?)', 8 C = ( «f , «?,S? )' 



(8) 



[00 27] fcS<t« . (4) , (6) <fc9AWif « [0 028] 
ftttSA. BK«UT«««:»*. * [ft 9] 

1 + -f \ / coseexpf^) >| 



exp(»7A) 
^2(1 + s A ) \ s A 



\ 



cos 0 exp 
-sin 9 exp 



(9) 



[0029] 



exp(fofi) / 1 + sf 



>/2(l + sf ) V *£ + wf 



★ * [ftlO] 

C0S e«p(W) j (10) 



[00 30] ^(9) . (10) ±0 
[00 3 1] 

COS© 

sin 9 



ft [»i 11 



l + sf 

2 ' 



IB = 



2 ' 



(11) 



[00 3 2] a<j£9i%. Ltzifi-oX 
[0033] 



304 [ftl2] 



9 = -^itJ- 



(12) 



[0034] 



exp (-i<f>) = 



s A + isj 



* * [ftl 3] 



y/(l + sf)(l + S f) V(l + S f)(l + 5 f) 



(13) 



[0 0 3 5] ifcfc:, t = tan0, x> =ex * [0 0 36] 

P (-i*), =exp(-i!J)ti<t,Alt [ftl4] 

. 8$ + is$ _ -txy~ l + xy _ -tx 2 + s 2 y 2 
[0037] 5$(12h (13), (14)£9i''3-yXtTm*5O**HvN'7;'<-?0, tf>*<. 3 WKOAJtflBtttfflte 



8/15/06, EAST Version: 2.1.0.14 



i o o 3 s ] *j a -yxmimizx zmm- h^w 

femitXm -CftlKSiXfciflBtettfflKPrincipal state 
s of polarisation)cO«fcfetS-^UT^&. 
&1K4 C.D.Poole and R.E.Wagner, "Phenomeno logic 
al approach to polarisation dispersion in long sin 
gle— mode fibers, "Electronics Letters, vol.11, n 
0.19. pp. 1029-1030, 1986 

*it4 tizt 1 1 zmmmt ti. nm^y r ax* io 

dv _ 7dU_ u + u du\ _ dU^ 
duj \du) du> J dw 

dw 



(6) #132 0 0 2-4 8 68 0 

1 0 

[ 0 0 3 9 ] 4-. aj»«3^«B<OSifcft«fefftt*««-r 
4fc*>fc, sSJ(l) WWfflfcafflfcfttmiifcafcfl 

£. 

[0040] 
[ftl5] 



*v = —17*1; = Dv, 
dui 



(15) 



[004 1] ^T'AStiim^tiJil&ftiSfi^i: Ud *;Uv (o) c7)T-7-S^$-a)0-»:c7)3i4T'i: 0. 
Srwo i:U oi-m Zm>Xo>tW\^Xftm ! £&.o>= [0 04 2] 

o*hs«-c**w-*. mMmmK?hJUv=K7m2Q tfti6] 

d/v 

u> = v{0) + D(0)v{0)u (16) 



v(u) = v{0) + — 



[0043] ASrffiKOtt*»tLT^HUvi:A^ *4. -f^*> 
^h/l/vfc^lsl-Offlm^Sr^-f.It.fcO, ^h/W [0044] 
v ( o) ) #±fii3\MT'J> 1 KMZteK 7 h ;u v ( 0 ) [ ft 1 7 ] 

#D = D ( 0 ) 0)W8<? hfrX'JbtltfX^Zttfbfr* 

Dv(0) = Av(0) %h\Iv(u) = (l + Au/)v(0) 



(17) 



[0045] i9. JtiMff3fett®«iE&ft&t«c#. Lfc 30A- Kff^lt HottKfcffiH*. 5fe1\ iSa-yXmW 

Wr>xi.Mmmt%z>. <axr:^»;-tt*«i-nflwuut±jfi*t = i (me 

[0046] OhiO. x3-yXff»Cctl.ffl^ fffl) *«aH^tfLT»6il*l^*WI3LT 
- H#ttO»tt!ttff JOD(?)fflWflIBIH(C««Silfc. ffl [0047] 
KtfftcOSaifcli, ffM i Da*»a*0<OX/l/$ft [ftl 8] 



dw dw 



(18) 



[00483 iO^i Dit2.fr *-h¥im't>h. & +x-hmuz. 
iZftm i DCOttftftTr ( i D ) «, &T<OfrS:t Hffi 40 [0049] 
3*(2) iOOfc^. Jt«Lft«»»»tCj: [ftl 9] 

^)=.^) =-((.;,, ,;)(:::)) 

= t («V + vV + «(«•)' + v(v*)') 

= *£(M 2 + H 2 ) =0 (19) 

[0050] CLkvUfc i Dc?)&Mfrt>, i Dtf5ffl*fl * 2?ilW^'JX«El*<iom«iXcOfi?i]5*:det(X){: 



8/15/06, EAST Version: 2.1.0.14 



1 1 



[0051] 



(7) 

* * [&20] 



2002-48680 



1 2 



(+r)(-r) = -r 2 = 



" det (^) = -(' U '| 2 + l V '| 2 ) ( 2 °) 



[00 52] Ur**oTD*>iratt*± i riLT * [&2 1 ] 

[0053] * 



±2T = ±ty|ttfT|«f 



[0054] mtitifc. @ra<i± i r fcsww-ifiw 
^h^K?h/i'xfeTit+ («£l§lil) fcta 

t±ir, <^h;l/xt,T^±Sr^(17)tftALT, * 

u±(u/) = (1 ± iru;)x± '= exp (rHro;) a;± 

[00 56] Mflfflg*7 7-f ftWC. 5»!(21). 

YfflL r s> Ji . 5 V HcB35-f « ±«%ttfflOT<oaSttffl [0057] 
({iffl<OftJIJi^C«fcSf8tfHI) <OHt LT4££*Uft_ [&23] 

rp = 2t = 2y/\uf + \vf 



(21) 

±««J*ti''3->^^ H/k <7 M/v=&T 
**± <<u) fcLT 
[0055] 
[»22] 



(22) 



(22) J; 9 



(23) 



[00 58] fcLTOWPE-Kflttr, * { »&$iU. 
[0059] OhR^ Lfc»ffl5ra J: 0 . 5> a - VXff 

ill.. 

cms) flffl«8Sfi><03fc«:flitvc, as»©K7T>f 

77^7^&7xh-7X7-r^-*F£fflVvcag5tL£ 
ISSUOU (co) SrJMrt-ft. 

tmmwWfe. flUN&frlV U (ft)+Ao) 

*r ( u (ft) + A<u)-u (ft)) )/Aft>, v ' ^ ( v i 



)<•■•■>-(" 



♦ (ft) + Acj) - v (cd) ) /AcofcJrOu' , v' £g 
tUt, 5C(23)«t0iiiS ; £-H^|!{rp SrKffl^*. 
[0060] t&fcOftffiOS&K . feLhBPUi LT * fc x 
30 ^a-VXffMifeisRmcaaBSfe 
7t4 ^aatfflHBffltcftv^T^ h-77^7 h/l^SI 

g-yX^Wk K?YlVv= (a, b) 1 t. Ah 
-?AJiyj<-?Si , i=0, 1, 2, 3fc<9H<9<£ 

[006 1] 
[R2 41- 

ofc* " 
|6| 2 



So + Si 
S 2 + iS 3 



S% — iS$ 
So - Si 



) 



= 2 W + o- 



5) . (24) 



[00 62] IfcMUBf&L ^7hn-S= (S *3 s 3 

i . S 2 , S 3 ) X'$>*). ^7 h/Utfti&iU'SitS [00 63] 

it, ^7 h/Uo • "s.7 h^S = cn Si +oz St +a* [&25] 



8/15/06, EAST Version: 2.1.0.14 



(8) #632002-48680 

(;;)■(:")) « 

[00 64] 55(24) cOftSa^? h^v • <7 WPvfc * [0 06 5] 

±8^ t MjnmtttTM^L. 55(15) . <2ti*nmt [»2 6 ) 
ht * 

d(vvi) dv f dv f _ 4. + „ 
— — - — —v 1 + v—— = L>uv T - vv'D 
aw du> aw 

= [D t mfi] = \[D,<r-S] (26) 



[0066] *f»*. [A. b] ttffWA. B^aaff *[0067] 
AB-BA**-f. 5S(24)0>*&ffl*»&li» 3Kfi [»2 7] 

Id,.. m 1 / dS\ 

[0068] &±x mcommmhtitz. 20* [&2 s ] 

[0069] * 

a.f = P,<r-51 

[0070] i?3->xftnm<r>m\x'W<jz.s. oizi a 1 0 0 7 1 3 

DJittft»0*)x;U$-hffyHT*ofca»&, a. b. [$C2 9] 

c ^ssat ix a 

_ / ia c + i& \ . , , . 

D = = J (trio + a 2 6 + cr 3 c) = 

V — c + io — ia J 

tztZL D = (a,6,c) 



(27) 



(28) 



(29) 



[00 72] imtih. •tht'&mwlsmt. ♦hA'Ax^h*B) £jnwt 

(<? YlVo <9 V)V [007 3] 

[D,tr-S] = i[<r-D,«T-S] 

= i{D-S + itr(DxS)-S-D-iar{SxD)} 
= 2<r-(SxD) (30) 



[00 74] tmtlh<T>X\ 55(28), (30) J; 0 * [»3 1 ] 

[0075] * 

^ = Sxft, tztlL fl = 2D = (2a,26,2c) 

[0076] <9Y)l>Q= (0, 0. I h 

n-Q I ) fcjfcfl*SSft.*JI«*T. 55(31) ttftftmz 

Chimin/ I ^h/UQ I <0iiiia»£fir 50 



(31) 

[ 0 0 7 7 ] XT Vil umm&. «M£*7 r 4 mX<9 



8/15/06, EAST Version: 2.1.0.14 



(9) 



12002-48680 



1 5 



1 6 



(PoincareSfcg IZ X K#tS:) = \Q\ 

= 2y/a 2 + V + c 2 



[0078] 
(S3 2 J 



= 2v^t(D) = 2^det (^ f ) = 2vV| 2 + M 
= (Jonesfi^'J&K J ZMfc*- FfrWL) 



[0079] %mmzim-<r)®&*- Mt&Z$z.& 

mx-omszttmi i . *r uaarciiswi 

[00 80] 

[WftWHifcLJ: o ti-mm] ULhBWiLT&fcft* 
S>i (JMT\ #gSfij£ (EH) £KWS§sSSi:« 

-\ i ttmm%«i®bi-&zt?b&. saw)***-* 



(32) 

£W8!mi- hmb%.3t7 r <i immszft-thmx. 

- mm m&mx*> s . t *» l . sottcfcRd *ut 

[oo8i] %.ffingwzmmmmizix^mm£. 

x*bh. -mzvi /2*v t b^dm%^Hi : ^B-y 
xmrnzm^xKiiixh. sws^atif^n 
h mmt 7r4i < w« jt»tt «r *r s> 3 - y xff « * 
Tb-t&t* Titm^m^mxi%htih : y3-yxfrm 

30 U£jflVv-CT = U' UfcflSftS. Re ( z) . Im (z) 

[0082] 
[»33] 




u 2 + (v*) 2 2ilm(w) 
2? Im(w) («*) 2 + v 2 



(33) 



[0083] : J3-yX^mmzXtHi. 5t(23)J:0r *uv' fcfcHT 
r = 2 7" ( I P * I 2 -HQ' I 2 ). Tp = 2t/~ ( I [0084] 
u ' I 2 + I v • I 2 ) T'fcS. zi =u ' v, zz = * [»34] 



8/15/06, EAST Version: 2.1.0.14 



1 7 



(10) 
4|W + vV)f 



2002-48680 



1 8 



i2 , ,^n2 



4 (l«f + \vf - \zt\ 2 - |z 2 | 2 + 2Re(z, 22 )) 
4(Im(z 1 ) + Im(z 2 )) 2 
ftfc |Pf + \Qf = 4 (|uf + \vf - Re 2 ^) - Re 2 (2 2 ) + 2Re(*i)Re(* 2 )) 
4(|uf + H 2 -ReVv-W)) (34) 
10* [&3 5] 



(00 85 3 
[0086] 



<* = 2y/\P f + \Qf 

= 2 • 2yJ \u'\ 2 + |vf - Re 2 (u'v - uv') < 2rp 



(35) 



[0087] t'J>0. r R /2 = t p t^2,(?)(iRe (u i 
" v ) =Re ( u v ' ) (DW&lzm&Z t^Wz. R 
mmWXit&Ztll v 3 - yXfif?iJT(0 1 ft 2 ?"]g* 
2 ilin (uv) *>t>«iu v<7)HScgpcotf$8^XjSUTV^ 20 

[0088] Mfc-r^z m 2 cr>mmu. asset? r a 

fcmnmjmmx'hm^tzj: o iz % mz%.i&ztitz%. 
7r^y^m ixnmMmz^jmiz-fhfMziz. & 

u mmtmixn^mm-vftfttmzGt&i: 

izkmm&t^fzmtiL^-Yfti&mz^witz 30 
K7T4^i?&i-th<7)tiK ^xvmx'^nx-hh. t 
z*>tf. mmm-'t ( ft®m%.mx'imm%X7T 
4 rtzmmm*- w&mmhixh<n>KX'h 0 . w. 
m^.%7 r 4 mz^tz<m*- Yttw.m*miii-$h 
zti±^imxh->tz. 

[0089] *%,w<omii. wm^t7r^j^m. 

ISffllSSStai^S(OTDR : Optica! Time Domain Refle 40 
cU>mter)Zm%LXWm. tlZ* 

o . um^x # rem*- vft&mzmizmtz 20 
cnmmzfm itzm*- vm^m^iomRx/m 
zm^-thztx-hh. 

[0090] 

[wmzmmhfzM^m w^mmzmm-thtz 

%?r 4>^\®mzwjhmmm*^-th%/v),A 
z&«mL. mxni^tm-^mmizmitcxY— 
?*7i-7 4-rzm^x. &*<?>xKitrt)\'X\ l znmx : % 



Ab—7AJ*7*-fcr>tif3hyiT—?tlXMfel. f£ 

m%ztitzg%hxtt®ftvtmzttmhz b—?x^ 
1 . mm $ titz fa- yxmivvsmi £ m^x . fir 

fe»£3£7 r A'wfi^ttS:^^^ -^^huIB 

£ . filfeft«!l©fc7 r 4 VN'^AStSg^-v V TTOScW 
SVHcg&£2ooft^;M.£AltLTlTV\ 

£fijiefc«!l5gft7 r Acoil^tt^frffi*^^ 
-^S-fflV^S^im^ffoCttCctO, filfSMailJgft 
7 r 4 A'£5§$-t!,ftK*«5-f i>ffi&*- Ffl-ftOfiJfe 
mmtl r 4 mz&^tzftlaZm'fcth <! ttix^ 

1 0 0 9 1 ] ttz . WJWHjS^- H^8S»»^ 

*imx'b ix.mi <r>^ivx z tamt 1 %> 

» mmmft#BzmmmmBizmw-*imx' 
fcot, friem 1 wtA'/wj; %vx*mmmtf®\ 

2<r>^)VX^l hT-£«"tm2<9;K- h Srii 
LTttSl«3t7 7 4 a'(c^< 1 1 1 IS»iffl^7 r 

A'^^of^isssL^^Mem 2 h-c-stt-c^ 3 

c07K-hA»<bttiStri>3fe^^l5i:. Iff fig 3 <7)*- 

<t)d#^Jt- 9 tim-th ttuz, mm. 2 co^vu 
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%%7T4^mm&zfkt^7*-9m%mT- 

ii®ffimzm^7*-9m%mT-9*m^x. 
&mwy*-9<n®mmm$f.*ft?zt?. «r 

*Wfc*«iaJ«S*iiatr4R«ffliSltJ:*flliS*-H 

[00933 JWfUgWi. »«St7 7 4A*Hl 
<0»g«OSfl««fcLT*T>WM-S. PMD 

£jjrf . (k)#B<0Jt7T-fABjaKi. «*ftttS:** 



(11) &H2002-48680 

20 

*1-/N'7P<-^zrk , <*k , 0k TlWMt^fe<i4-8<0 

*k :tt^2MaH^*ffl8<afflH 
<?k :iSX2flRWIt ttWOBBB (k-1) 

[ 0 0 9 4 ] EH ( k ) Cfc»t4flBfc«m<0AHJ^«tt 

io taw x a ->xm\ s Ek , -r ^^eh < k - 1 ) 

ktB«Wftn*»4><0A«flBK««*«-f y 3 ->XK? 
t»/k ^9Y)Vnt. BOH (k> fcfisHL ajiLfctt, 
KB (k + l ) i:«»"tiffl!l*»feaait$n*flBttt!BiSr 

h;uv = sEk •^h/wu-cisvwtfctfMt. as£ 

[0095] 
[*36] 



(36) 



exp (-«V*/2) 
0 



( 

/ cos^jfe -sinfl* ] 
^ sin0* cosfl* y ' 



0 



exp (i^jk/2) 

cosfl* -sin 
sin 8k cos 

ft® (&)' = (-e k ) *«ra«0iwrefflv>4. 



[00 96] SEk UiSSE2fil«raKfiI[«>'7h*k £ 30*-tx3-yXfr?ljSk tt, WSffiWs -*-yX'm\oM 
tt5-?m&Uco±M1)K HIHcOEra ( k - 1 ) Kfctt t LT 
&£$ftC*fL0k EBEUfcift^Jyg-yXtfWfc^.S: [0.0 97] 
S»£3fc7 7-f AA7Ji8*^EIU ( k ) ZX'&m [»3 7 ] 

= Si?* SEk-i • • • SE2SE1 = SEkSk-i (37) 



[0098] T'^Sftl.. Ef9 ( k ) fcfcUT&frifcSL *WC<to*T*3fl*. 
StU Era ( 1 ) *X'*miTWzimLXK®lii%X'tfl [0099] 

&ztihmznmh : s?-vx'm\Ry 14. s k s-e* [&3 8] 

= 5*5* = SjLi (S0 k SEk) Sk-i 



(38) 



[0100] ja±RBHUfc3t7 7 4 J^TMzm^if 

«. «*<o«ifct-H3Mftai5e6ciJtt6iw«-r^*iii 

JttcW-rS^afttLTS^Sn-CfeO, *>o. 3t7 7 



A [0101] *2K-?tt. JR mTiXLfc*7T-f A 

*^/nc**fi4-'f5 * £ , %y 7 4 Areata* 

m^mmLxm^titzxv-9 viwmam 
T-9*m^xm%'th. j*y*-9<?>mmi. n%<r> 

3->xfimmmmn,zmztiz>. 

[0102] 88»£#7 7 >f / v>]«Sro*Bfc. 
50 ^fll^iSt. bfrZWfe? 
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XY-7*T1-'7 4<n®m.-th. tm&t7T4/1ff> 

tmm ugmm) tnzn^xxb-^xri-y^-f 

[0 103] CKHd) 0D^5.*-*0i , <?i 



22 



**]KIS(1) W7T<irt&& 1 1 t UT\ BftHti = 

6), (38) J; 0 
[0 104] 
[»39] 



Ri = = (-90 (2*) (0,) 



(39) 



[0105] fc^$ni>. m&m<r>R\ 



x <omm) stifle ( 2 0i > J4*wff?ij. 
Ri wsrariis b*'<?M'£&jm-*<ij:'?. 01 a 

EffctfHHfcfc UT. <9i LX 
ffls (Ai . ^b/l'Xi ), (AS 



mmmiz&Kfcmnmt ixv&tx-mti&frbx' 
hi. 

[0 106] 
[»4 0] 



XP 



[0 107] *ZX\ 5-z.e>tlMmxiX= (-6) 

(20) (e) 0)mi,z$t?e, ri>co$&.z*iib&. % 



*vmti,xK&xmtih. 

[0 108] 
[»41] 



(u + iv iw \ 

X = . , « 

\ Ziy u — lV J 



2 + v 2 + w 2 = 



(41) 



[0 109] X<0HRT«idet (t I -X) =t* - 3O&0) fcf?BUT0£»&. 
2ut + l =0c7)Pu±v r ( u 2 - 1 ) =u± i/" ( v [0110] 
2 +W 2 ) XH-thtlh<nX\ i#lS-exp (±2 i A [Sc4 2 ] 




[0111] Ifflexp (±2 i0) fcBW* ♦ ntffcSWt 

E*ll^rg^X • ^h)UK^Tm^± = exp (±2 [0 112] 

i 0) •*?Wl>x:&TSS*±*#&Tfi:. t = ta* [&43] 
u + iv + iw • t = exp (— 2iip) , 

u + iv — iw ■ t' 1 = exp (2ii/>) <t •) 



tan 29 

2(u 4- iv) — exp (2t^) — exp (— 2iif>) 2v 
iw w 
t tztf o T 9 = ^ tan" 1 (^) (43) 

[01 13]W±J:'). X= (-0) (20) (0) £*5O*8!*rt0. 0ttXOfffl5**JfHvt5S(42) . (43)T^ 
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C0 114] CKI3K2) OA5.X-702 , 02 C0?H 
DUBBM) + KH(2) <D*7-MAg£ii tit. 
m\tt =2 1 s /vKis^TaSJtSit*;^-?^* 

fl 2 = 5^2 = S£( (SE t 2 SE 2 ) SEi 



* 7 h^i 0 ^3-yXff?i)R 2 £>«£-*-*. ^(38) «k 0 

[0115] 
[«44] 



(44) 



[0 116] T'J>*. SEi ItVmt'fr tfrt * [0 1 17] 
X * [84 5] 

(StfO-^SSf 1 = S££S£ 2 = {-e 2 ) (2V> 2 ) (0 2 ) 



(45) 



[0 1 1 8] £t#*. tt£i2 (SE! » ) -'Ri (SE 

wmmm^mzmmiz x >mig(2) 

02 . 02 £#*. 

[oii9] cKiaoc-i) $x'W7*~?zm&n 

KBI (k) co^'7>-^0k , <9k osim gig 
(1) tf>Mk) *TO#KISk03t7T-f^ft^)l8!ttt Ik * 



*iLt, B$^jtk = 2 U /v(cfctt§^h-^x^^ 

n\'£ t )&&$tihi'3-yxmiRv t, easKk- 

1 ) &X'<r) ; J3->XmiS*-i =SEk-i • • • SE 

[0 120] 
[84 6] 



(46) 



[0121] tfl£9Ao. fi^jSteEtfOT'*)*^'. K 
13(1) kFiaW)«JW=J:0*k . 0k£t#*. 
[0 122] JSLTISHWcLT. 0TDRfcJflHTSM£3fc7 

aw* it* a - ^ XffMOHHMMWf £ff o i fc X\ 

k (a>) . <9k , k = l, 2, • ■ • a*»6*lfc. 
TVN'7^-^0k *i, OTDRT'fW-f**^-/^^^ 1 ; 

JflwCglrfiCfcYtfk (co + Aw) Sr*A, 0k = 
(yrk + 0k fcj£*S;fvCVvfca»$>, H^gfjfrk = 
(^k (co + Ao>) -0k (co) ) /A cotCiOEIal 
(k) iCttftiflRlPE-Fflttrii £f#*. 
[0123] JSLt»HHLfc«jg. 8WK J: 0 . 

flLfcWfcJ:9:l&66ftfci'*a-vXfr*ISii . k = 
1,2. • • -«0«£SW-r*£fc-C»i»^7T>fA 

fcy 3 -yxpffi[:STc. ^(23) zm^xmm 
r*>*. #>*ui, mm%%7T4'tco±fkZ 1 1 l 

T. ^M2 \/vt,zM%.ZtlhXh-'7X'<9Y>i>Z. 
0 , »W£*7 r -f A£fr £<£ft Ljt*t*rt"* x a - 

>xmiR$&nL. Rmfmm&fa ( i > «>o 

*-?0i . 0! WSWCKBHtfc* (4 2) KftAL 

•c, ?sii©t7T-f>'N'(cfcv^T^asiis±{ijfc«®ia 



(o> + Aw) fcOJVifcK&ft- (co + Aw) -0 
(») )/Ao«tO, 8Bffifc*7 r 4 
Ftfttfc**)*.: fc fcTOBT** . 
[0 124] 

-rm&mx'&h . m 1 02 izm^zmommnB 
mmwtz. mmwemi 1 iof^sn^wa 

x«**^*/-0^«#fc:J: 0ffiTK!3C5M8efi« 1 2?: 

1 KJfrWXP 1 S-ffl»J«l|5 203tA 

^SS^ATJL, i^«3t$i]»2^aj^gi5J;'5^ J FiII8 

awei»*»f *3ft^^ p 2 ^ai7j$-fr* . frie«3fc 

UW&2 Z.*)titf)Ztltz%>V\,XP2\m&G%3Zit 

40 «3fc7T-f A*4c3DrtSfcfcv>T^H5Ca$it, KflBSaB 
4aJ:9aWj3*ufc3fcli. !9IE3eiS^«3*^LT«* 

KaJTJ $it/cx h -7 XJ*y* - 7li, 15E3f t/PxS 
A t02^^raraPi«^^ij-f-7t LT^'g-y 
Xff?i]?smge6^^Sit*. ^^r-^OtSttfis 

tu «siffije7r>fA4^fiS36»fe«gs*i*mj6<o 

50 ffiSl«SI4Tff*><i*. 
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[ 0 1 2 5 ] *¥m«#*Wto3e> W*£fflV* 
T§HSfeL£J:Ifi$IS£ (01«Ste P l ) fllEIBXMfll 
S2Sr$i|ffllLT, SHi»8(imTOfc^7., 4 5£ 

tt««mijko3t^^t-e*i-wi»±$*'Cffa (* 

*l<f*l01O5tep2. Step 3 ) . 

[ o 1 2 6 1 a±. 3fm<?>®mm<?)iit>v\,Azm^ 

tzMfemj UMX\ V a - >Xff ?'J$I&SS 6 fcfe 
ot. Kv 3 -yXff?i|jlsS6t^$a-cv^^h 

T^fc^^fcLfctfoT, «<12>. (13). (14) J: 0 

3-VXff^IcO^^ijRk , k = l, 2. • • £fSg 
(01<DSte P 4) . mz, mVa-yX'ftW&M® 

6 x-mn ? *i£ 3 - yxffmmm zmn 

-F#flJ^fliSiSS7fcJ:'J. Sra«r»8rt-*fc*>*>* 

74"A<oH3lflWfc*ii1v<5.X-**k (w) . dv. , 
k = l, 2, • • -^^(42). (43)fcJ:0«»UT. * 
£££ F4HiMM5«»« 7 fclfflfrf* ( 0 

1 (0Step4 ) . 

[0127] v±w%LK-Mcom%.. toxvmnn* 

MEJSjfe&TOfclSl lA>^?g£$ft.S>>I^fc 
Wftffl«3RtAo)36fl:$-rC (Hl<7)Step5, Ste P 6) 

t. filBiiiS ; E-H^^«mgP7ttg^L,-CfcV^ 
0k ( » ) ^fflV^T . tll«t- 7 fc 

*JV^T«»aMMi'*3l(*h (w + Aw) 
k (a) ) /A<o£ffV\ *aU©t7T-f^4t*J»ti 
«**-F#tt#*fc*rrk , k=l, 2, • • 

(01OStep7) . 
[0128] ftA/UXP 1 cof&fe (*^;l/;*«£8 1 ) 

tt» «»»oiiito^t«^ufcs««^raa^i it 

*3*KS3I»1 2<Offl^-cofBJ(ct., JSftR-RBtSfc 
fc J:v\ *3ft£iBfgl 2fc Ltd. (1) «S0K^»* 

»*ufi*3ftfc3isi*s3(«k (2) ^sistcko^sr 
7-5 vx (Bragg ) mzaiWK&iam* mm 
^htih. mymm%2tLxa. <d *cwitow>* 
-flat*, (2>±«rtrffi?raw)«ft«, «wHv*Mi 

[0129] mwuzmi<7>m&<?)&®x'it. mmzx 

7 r 4 *<w?3)fflemt ix. **pa*SL fiEa 

tt. 4Jj:V4 5«a»fll3KttIB<03ffii5&fflV^TV^ 
tf, £Vtfc#|«r4ff»D3«»Offl*ttffifcffivvfca!je 



JW4. 5tAV^igAt<7)2fg^«fOTPST'^JfiLTO|> 

a<» Ato2fgJiLhoffsc7)iitHia^t'^ifit-ct<k 

[0 1 30 3 Hl(CfcV^-CStep4-ClT->TV^j; 
a-yXfT5iJtf5B*SRJiJRfc . sm&PlRy SI^TW< 

, ^k ^sji. ^f-vjTftfflaaRwatf 

ft> + Aco£otvCO*fteto9f?l~30 , )7.1 — ^^n* 
[0131] 

*tu:*&fc. WK*7T-fAta»ufc3iac#M- 
o s «aBe*7T-f^(c«>-3fcfli*t-K««4Mita 

[01 ] *^C7)ffi^^-H^^i!l^ffi<7)*JS<7) 
JBJS£^"f 7 D-f-v - r- X'h h . 
30 [02] *#»0«»*- F#»#ffiil5ggE<0£Sfetf) 

[03 3 xmnmm-vmmmi&immwt 

ht&><rfflX%h. 

[04 3 ftxommam*- wmzmizttm 
tz>m%mm<nmfmx'*>&. 

1 %>vuzmi3& 

2 ®mw& 

3 

40 4 SfflS^T'fA' 

4 a ®m%%7 T 4 ;*D-<%W ( A*38, AltW 

4 b SS!l©t7r^A'^fl!i(D«ffi 

5 «##si8!iseai 

6 ^'3-yXff?i|?gfl[a5 

7 «ttt-K4Mtt4WijlW« 

8 (W3tW*ffi 

9 ^3-yXfTWSWaJ 

10a flat-Ftfttaw* 

50 10b fliRt-F^ttaWIB 
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ioc (Hftt-Kattsws 

1 1 mm&mtm 

1 2 msssm 

1 3 
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8 1 ( *ffl^llS<7)«^ ) 

8 2 ftfcaiS 

83 Xh-^X7^7-fif 

84 ft&ffiS 



[02] 



/3 ^ JBSfrtaSS 



II 



'i 



irr p ' 



r 



— ■ — f — ' ' f\ ^ ^ s 



nu 



Jonesff^J 



-6 



»»»»» --7 



[03] 



SMI , 


, ER|2 , 


- - - L EKk : 




t2 <j>2 62 


' w w w ^ 


Xk <|>k 6k I 



I — ^ ^ 



Ok 
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[HI ] 



■ Stepl 



asue3t7T'f/<K, **y7ftH*R«, 

ffiE*K»S#7 r 4 6 cD&£ftftftco<gft#flg£ 



-Step 2 



9 3 ©ilftttfll (MAtf > 45gB«Mlft) CD 

9 3 Oft^VUXSrAtJU MB* 3 ©jfc><*Xfctt1-* 

ME«MS3fc7 r -f &»tt*Bfl5L31tfl>a3tttll«r 

S&3WX h-?X^7^-?CDB#£Flj7*-7 



.Step3 



MESH ~ 3©* h-?^^9^-;o^Jf-^ 

tti$x9jRk tffl^-ctwEaasjt7T'f^o 

#KM(k) *©ffl#Wtt*»T-/<?y-jr*k. 0k * 



Step 4 




Step 5 



Step 7 



ME»«l*#7 7'f'<<DfcKllg'<k) 43® 
flWfcWtt * - 9 0 k (o>) . 

<0k(<j + Aa>) #KM(k) 4?cd 
««*-F£Ktk 

rk = [0k(w + Aw) -tfk(w)]/Aw 
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[H4] 



i £liPoincare# 



f 



II 



r 



H 



Poincare3&t£ 



Si 



1 Stokes 
7 + 



/0a 



/at 



mm 



IOC 



mm 
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